This article presents the results of an experimental investigation carried out to study the influence of cement content on the properties of recycled aggregates concrete. Five concrete mixtures (containing natural aggregates or recycled ones) with different cement content (250, 300, 350, 400 and 450 kg/m 3 ) were studied. Tests were performed to measure porosity to water, permeability to gas and compressive strength (at 2, 7 and 28 days). The results indicated that an increase in cement content (over 300 kg/m 3 ) allows to reduce significantly the porosity to water and to enhance the compressive strength of recycled aggregates concrete. Correlations based on properties of these concrete are presented. That allows to apply the formulation method of natural aggregates concrete to prepare recycled aggregates concrete.
Introduction
Nowadays, the treatment of waste becomes a priority. We can store them after processing or, better, recycle them in a new product. The re-use of demolition waste has increased as recycling technologies have been developed and improved during the last years (RILEM TC, 2000; RILEM TC, 2004; SBEICO, 2009) . Unfortunately, the amount of concrete demolition waste is still increasing world wide. Taking into account that concrete will continue to be the dominant construction material in the future, several research projects have been conducted on the use of recycled aggregates in concrete. The potential benefits and drawbacks of using recycled aggregate concrete have been studied (Topcu, 1995; Neville, 2000; Tu et al., 2006; Zega et al., 2010) .
The use of recycled aggregate generally increases the drying shrinkage, creep and porosity to water and decreases the compressive strength of concrete compared to those of natural aggregate concrete (Sri and Tam, 1985; Hansen, 1996; Wirquin et al., 2000; Poon et al., 2002; Domingo et al., 2010) . However, the shortcomings of using recycled aggregate can be mitigated by increasing the cement content into the concrete mixture since it is well-known that the amount of cement has an effect on concrete's compressive strength and porosity to water (Tavakoli and Sorousian, 1996; Limbachiya et al., 2007) .
In Côte d'Ivoire, the use of recycled aggregates in the manufacture of concrete is still at artisanal stage, no standard and specifications concerning the use of these materials exist. Moreover, the natural aggregate resources are limited, recycled aggregates can be used as a supplement to natural aggregates or under certain conditions, instead of them. That can constitute an alternative to environmental preservation and satisfying the needs of sustainable development.
The aim of this paper is to study the effect of cement content on recycled aggregates concrete properties. In the study, the influence of cement content on compressive strength, permeability to gas and porosity to water on recycled aggregate concrete were investigated.
The final objective of this work is to establish correlation between recycled aggregate concrete and natural aggregate concrete.
Experimental program

Materials
A Portland cement type CPA CEM II 32.5 is used in the concrete mixtures. The properties of cement are given in Table 1 .
Natural and recycled aggregates were used as the coarse aggregate in the concrete mixtures. For this study, crushed granite was used as the natural aggregate and recycled aggregate sourced from demolition waste was used. The porosity to water of the aggregate was determined. Natural siliceous sand was used as the fine aggregate in the concrete mixture. The physical and mechanical characteristics of the coarse aggregate are shown in Table 2 .
Concrete mixtures
The concrete mixtures were formulated with five different cement contents (250, 300, 350, 400 and 450 kg/m 3 ). Full replacement of natural coarse aggregate by recycled aggregate was adopted, keeping constant the coarse aggregate volume. Water proportioning was adjusted to obtain concrete having a value with the slump test of 8 cm. The absolute volume method was adopted to design the mix proportion of the concrete compositions as shown in Table 3 . The notations used in table 3 are as follows:
 NAC : Concrete made with natural coarse aggregate,  RAC : Concrete made with recycled coarse aggregate.
Specimens casting and curing
For each composition, cylindrical specimens of 16 x 32 cm were cast. Specimens were used to determine the physical and mechanical properties of concrete. All samples were cast in steel moulds and compacted using a vibrating needle. After their withdrawing from the moulds, the specimens for porosity to water and permeability to gas were kept in a saturated chamber for 7 days, then sawed in 4 cylindrical specimens of 5 cm in thickness ( Figure 1 ) which were dried at 50°C in an air forced oven during 3 days, after that, each sample was sealed with thin plastic sheet and put in a chamber at the same temperature for humidity redistribution until 28 days of age when they were tested. The others specimens were cured in a water tank at 27 ± 1°C until test ages were reached.
Physical and mechanical tests
Tests for the determination of physical and mechanical properties have been carried out on the samples.
-For the physical properties, the tests carried out are:
o Porosity to water test: porosity was measured by total satured water method according to AFPC-AFREM (1997) procedure. The initial weight of the specimens were determined (M a ) and then immersed in tanks containing water. The specimens were kept immersed until they reached a constant weight (M w ). After that, they were moved to an oven and maintained at 105°C until they reached a constant weight (M d ).
o Permeability to gas test: the apparatus known as CEMBUREAU gas permeametre was used for the determination of permeability which is a constant head permeametre and is becoming a standard tool for permeability measurement. Nitrogen gas was used as the permeating fluid. That supplies the apparent permeability of the material dependent on the pressure of injection.
To determine the intrinsic permeability, the relation proposed by Klinkenberg (1941) was used.
-For the mechanical properties, it relates to the testing of:
o Compressive strength: it was determined using a PERRIER compression machine with a loading capacity of 300 kN. The compressive strength tests were carried out at the ages of 2, 7 and 28 days.
Results and Discussion
Porosity to water
The results of porosity to water given on figure 2 are the average of 4 measurements on 4 specimens of the same sample. This figure shows that the porosity to water decreases with the increase of cement content for all concrete. As expected, the values of porosity of normal aggregate concrete are low than those of recycled aggregate concrete. However, for the concrete with high cement content (350 to 450 kg/m 3 ), the difference between mixtures with recycled and natural aggregates is less than the others. This is due to the better matrix quality. With low cement content compositions, there is a more porous matrix involving the participation of the recycled aggregates.
Indeed, in the case of natural aggregates concrete, the porosity is mainly due to the network of the capillary pores (concrete is by nature a porous material). While in the case of recycled aggregates concrete, besides this network of capillary pores, there are mechanical cracks existing in the recycled aggregates. That increases strikingly the porosity of these concretes. Figure 3 schematizes the progress of the water in these two types of concrete. Figure 4 gives the results of the measures of permeability to gas. The results are presented as permeability coefficient obtained from the measured flux of nitrogen at different pressures through the specimen. This figure shows that the permeability coefficient decreases with the increase in cement content. The results are in the same way of those of porosity to water. For the high cement content, the difference between nitrogen permeability of recycled aggregates concrete and natural aggregate concrete is less than for low cement content. Comparing the results of mixtures with recycled aggregates to those with natural aggregate of lower cement content, it can be said that to achieve the same level of nitrogen permeability for the two concrete, it is necessary to increase the cement content. Similar results have been obtained by Kou et al. (2008) on recycled aggregate concrete containing fly ash.
Permeability to gas
Not withstanding the fact that natural aggregates concrete are better physical properties than those of recycled one (Domingo et al., 2010) , the porosity to water and gas permeability of recycled aggregate concrete tend to decrease with an increase in the cement content.
Compressive strength
Each value presented in Table 4 is the average of three measurements. For all tested samples, the compressive strength of concrete made with recycled aggregates is lower than that of concrete made with natural aggregates. These results confirm the role played by the Interfacial Transition Zone (ITZ) in the resistance of concrete (Maso, 1980) . Indeed, the works of Konin et al (1998) showed that even in the case of high-performance concrete, the paste-aggregate transition zone is a zone of low resistance, because of his big porosity. And as more porous is the concrete and less resistant it is, the values obtained were predictable. However, the average decrease is low for concrete with low cement content, the variations are below 5% for mixtures with 250 to 300 kg/m 3 cement content, whereas the variations are over 8% for mixtures with high cement content (over 300 kg/m 3 ). Nevertheless, the higher strength decrease was 10% at 28 days for mixture with 450 kg/m 3 of cement.
Relation between recycled aggregate concrete and natural aggregate concrete
Figures 5 to 7 present the relations between properties of recycled aggregates concrete and those of natural aggregates concrete. On each figure, an equation and a correlation coefficient are presented. Figure 5 presents the relation between the porosity to water of recycled aggregates concrete and that of natural aggregates concrete. The porosity to water of recycled aggregates concrete is strictly linked to that of natural aggregates concrete. The coefficient of correlation is 0.98. Figure 6 presents the relation between the nitrogen permeability of recycled aggregates concrete and that of natural aggregates concrete. The nitrogen permeability of recycled aggregates concrete is strictly linked to that of natural aggregates concrete. The coefficient of correlation is 0.94. Figure 7 presents the relation between the compressive strength of recycled aggregates concrete and that of natural aggregates concrete. The compressive strength of recycled aggregate concrete is strictly linked to that of natural aggregate concrete. The coefficient of correlation is 0.99, 0.98 and 0.99 respectively at 2, 7 and 28 days.
From these data, it is possible to obtain a reduction factor "r" which allows to estimate the compressive strength of recycled aggregates concrete when that of natural aggregates concrete is known for the same proportion of concrete. This coefficient can also be used to adapt the formulation method of natural aggregates concrete to recycled aggregates concrete. So, to produce a recycled aggregates concrete with compressive strength f cr , it is enough to use proportion of mixture corresponding to a natural aggregates concrete with compressive strength: f cm = f cr / r.
For this study, the main value of the coefficient "r" is worth 0.92 as indicated in Table 5 below.
Conclusion
The presented study concerns the possibility of use recycled aggregates in the formulation of concrete as a replacement of natural aggregates. At the end of this experimental study, the following conclusions can be drawn:
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